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(57) ABSTRACT

A method and apparatus for reorganizing display of a railway
timetable diagram. A method of reorganizing the display of a
railway timetable diagram, including: generating a relational
graph by using a multiple of stations in the railway timetable
diagram and correlations between the stations; partitioning
the relational graph according to a partition rule, where the
partition rule reduces lines crossing in at least one page and/or
section in at least one page in a reorganized railway timetable
diagram, where the lines representing an association between
respective stations along a path in the reorganized railway
timetable diagram; and displaying a reorganized railway
timetable diagram based on a result of the partitioning. An
apparatus for reorganizing the display of a railway timetable
diagram.

14 Claims, 8 Drawing Sheets
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1
REORGANIZING DISPLAY OF A RAILWAY
TIMETABLE DIAGRAM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 from
Chinese Patent Application No. 201210021392.0 filed Jan.
31, 2012, the entire contents of which are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to reorganizing the display
of an image, and more specifically, to a method, apparatus,
and related computer program product for reorganizing the
display of a railway timetable diagram.

2. Description of the Related Art

In the railway transport field, a dispatcher has to schedule
a number of trains every day. Each train involves a multitude
of content, such as train number, departure time, arrival time,
station of departure and terminal, etc., and also that a train
needs to be hauled by one or more locomotives. Complex
relationships exist among a train, a locomotive, and a railway
network. For example, a train might change tractor locomo-
tives from its departure to arrival, and a locomotive can draw
different trains during different periods in a day. The dis-
patcher must be enabled to monitor states related to each train
and each locomotive, as well as relationships between a train
and a locomotive around the clock, to schedule the train and
the locomotive based on the monitored information.

The dispatcher can obtain desired information from a rail-
way timetable diagram. Typically, the railway timetable dia-
gram displays operating conditions of trains and locomotives
in a multiple of pages. Usually the railway timetable diagram
is displayed in two-dimensional coordinates, with horizontal
coordinates representing times and vertical coordinates rep-
resenting stations which are usually displayed in various sec-
tions. For example, a cross point at a time t and a station s can
represent that a train/locomotive is in the station s at the time
t. Take a train as an example, when this train stops at stations
sl,s2,...,snattimestl,12, ..., to respectively, cross points
cl, c2, ..., cn in the railway timetable diagram can form a
broken line which may be termed as a train leg. Like the train
leg, a locomotive path is used for describing related time and
location information of a locomotive.

However, the railway timetable diagram usually includes
information about multiple trains and locomotives, so that a
large amount of information is mixed together. In addition, a
train leg and a locomotive path might traverse various sec-
tions in a page or even several pages. At this point, the dis-
patcher has to observe information in the various sections or
even several pages between respective legs and paths. Incon-
venient operations, cross-page lines, and cross-section lines
can increase the probability of error. In the case that the
dispatcher does not correctly monitor the railway timetable
diagram, the efficiency of scheduling trains will be down-
graded, and what is worse, accidents like train crashes might
happen.

SUMMARY OF THE INVENTION

It is desired to provide a clearer and more identifiable
railway timetable diagram to improve the display efficiency,
and it is further desired to reduce circumstances as much as
possible in which a train leg and a locomotive path are dis-
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played crossing sections and pages. The present invention
provides a method, apparatus, and computer program product
for reorganizing display of a railway timetable diagram.

In one aspect of the present invention, a method of reorga-
nizing the display of a railway timetable diagram to improve
the display efficiency is provided. The method includes: gen-
erating a relational graph by using a plurality of stations in the
railway timetable diagram and correlations between the plu-
rality of stations; partitioning the relational graph according
to a partition rule; and displaying a reorganized railway time-
table diagram based on a result of the partitioning; wherein
the partition rule reduces lines crossing at least one page
and/or crossing at least one section in at least one page in the
reorganized railway timetable diagram, the lines represent
associations between respective stations along a path in the
reorganized railway timetable diagram.

In another aspect of the present invention, there is provided
an apparatus for reorganizing display of a railway timetable
diagram so as to improve the display efficiency. The apparatus
includes: generating means configured to generate a rela-
tional graph by using a plurality of stations in the railway
timetable diagram and correlations between the plurality of
stations; partitioning means configured to partition the rela-
tional graph according to a partition rule; and displaying
means configured to display a reorganized railway timetable
diagram based on a result of the partitioning; wherein the
partition rule reduces lines crossing at least one page and/or
crossing at least one section in at least one page in the reor-
ganized railway timetable diagram, the lines representing
associations between respective stations along a path in the
reorganized railway timetable diagram.

By means of the various aspects of the present invention,
the dynamic scheduling oftrains and locomotives, the display
efficiency can be improved and in turn, the probability of
errors that are made when the dispatcher searches for cross-
section and cross-page train legs and locomotive paths can be
reduced, so as to assist the dispatchers’ scheduling work and
enable the dispatcher to be devoted to the scheduling of trains
and locomotives.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and other aspects of various embodi-
ments of the present invention will become more apparent
from the following detailed description, when taken in con-
junction with the figures illustrate several embodiments of the
present invention in an exemplary rather than limiting man-
ner.

FIG. 1 is a schematic diagram showing a display page of a
railway timetable diagram according to one aspect of the
present invention.

FIG. 2 is a schematic diagram showing a diagram of how to
partition a plurality of stations in a railway timetable diagram
into sections according to one aspect of the present invention.

FIG. 3 is a schematic diagram showing a flowchart of a
method of reorganizing the display of a railway timetable
diagram according to one aspect of the present invention.

FIG. 4A is a schematic diagram showing a relational graph
as generated according to one aspect of the present invention.

FIG. 4B is a schematic diagram showing a relational graph
as partitioned according to one aspect of the present inven-
tion.

FIG. 5 is a schematic diagram showing a corresponding
relationship between a railway network and respective pages
in a reorganized railway timetable diagram according to one
aspect of the present invention.
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FIG. 6 is a schematic diagram showing a display page of a
reorganized railway timetable diagram according to one
aspect of the present invention.

FIG. 7 is a schematic diagram showing a block diagram of
an apparatus for reorganizing the display of a railway time-
table diagram according to one aspect of the present inven-
tion; and

FIG. 8 is a schematic diagram showing a computer system
which is applicable to implement the various aspects of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

As will be appreciated by one skilled in the art, aspects of
the present invention can be implemented as a system,
method, or computer program product. Accordingly, aspects
of the present invention can take the form entirely as hard-
ware, entirely as software (including firmware, resident soft-
ware, micro-code, etc.) or combining software and hardware
aspects that can all generally be referred to as a “circuit,”
“module,” or “system.” Aspects of the present invention can
take the form of a computer program product embedded in
one or more computer readable medium(s) having computer
readable program code embedded thereon.

Any combination of one or more computer readable medi-
um(s) can be utilized. The computer readable medium can be
a computer readable signal medium or a computer readable
storage medium. A computer readable storage medium can
be, for example, but not limited to, an electronic, magnetic,
optical, electromagnetic, or infrared semiconductor system,
apparatus, device, or any suitable combination of the forego-
ing. More specific examples (a non-exhaustive list) of the
computer readable storage medium would include the follow-
ing: an electrical connection having one or more wires, a
portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
A computer readable storage medium can be any tangible
medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus,
or device.

A computer readable signal medium can include a propa-
gated data signal with computer readable program code
embedded, for example, in baseband or as part of a carrier
wave. Such a propagated signal can take any of a variety of
forms, including, but not limited to, electro-magnetic, optical,
or any suitable combination thereof. A computer readable
signal medium can be any computer readable medium that is
not a computer readable storage medium and that can com-
municate, propagate, or transport a program for use by or in
connection with an instruction execution system, apparatus,
or device. Program code embedded on a computer readable
medium can be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention can be written in any combi-
nation of one or more programming languages, including an
object oriented programming language such as Java, Small-
talk, C++ or conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The program code can execute
entirely on the user’s computer, partly on the user’s computer,
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as a stand-alone software package, partly on the user’s com-
puter and partly on a remote computer or entirely on the
remote computer or server. The remote computer can be
connected to the user’s computer through any type of net-
work, including a local area network (LAN) or a wide area
network (WAN), orthe connection can be made to an external
computer (for example, through the Internet using an Internet
Service Provider).

Aspects of the present invention are described below with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to various aspects of the present invention. It
will be understood that each block of the flowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These com-
puter program instructions can be provided to a processor of
a general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions can also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram
block or blocks.

The computer program instructions can also be loaded onto
a computer, other programmable data processing apparatus,
or other devices to cause a series of operational steps to be
performed on the computer, other programmable apparatus,
or other device to produce a computer implemented process
such as instructions which execute on the computer or other
programmable apparatus and provide processes for imple-
menting the functions/acts specified in the flowchart and/or
block diagram block or blocks.

The flowchart and block diagrams in the figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer program
products according to various aspects of the present inven-
tion. Each block in the flowchart or block diagrams can rep-
resent a module, segment, or portion of code, which includes
one or more executable instructions for implementing the
specified logical function(s). In some alternative implemen-
tations, the functions noted in the block can occur out of the
order noted in the figures. For example, two blocks illustrated
in succession can, in fact, be executed substantially concur-
rently, or the blocks can sometimes be executed in the reverse
order, depending on the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer instructions.

It should be understood that these aspects of the present
invention are only to enable those skilled in the art to better
understand and further implement the present invention, not
intended to limit the scope of the present invention in any
manner.

FIG. 1 is a schematic diagram showing a display page 100
of a railway timetable diagram according to an aspect of the
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present invention. This figure illustrates an example of only
one display page. In FIG. 1, horizontal coordinates represent
times and stations along train legs and locomotive paths. For
facilitating display, a time scale in horizontal coordinates is
omitted in this figure. In addition, vertical coordinates illus-
trate 4 sections (i.e., sections A-B, B-C, B-D-E, and C-F).
Also for facilitating display, other stations between stations of
the departure and terminal are omitted. For example, the
section A-B can further comprise stations A1, A2, ..., Am.

InFIG. 1, an oblique line within a section represents a train
leg, and a dotted line within a section represents a locomotive
path. A detailed explanation of FIG. 1 will be presented
below. An oblique line 102 within the section A-B represents
that a certain train leaves for a station B from a station A, and
the time consumed is a horizontal coordinate shift between
the starting point and ending point of oblique line 102; simi-
larly, an oblique line 106 within the section B-D-E represents
that this train leaves for a station E from station B. The ending
point of oblique line 102 and the starting point of oblique line
106 are connected by a dotted line 104 that represents a
locomotive path. The vertical coordinates of both the starting
point and ending point of dotted line 104 represent station B,
while the horizontal coordinates thereof have a shift; this
indicates that time for which the locomotive stops at station B
is the shift of the horizontal coordinates. It should be noted
that at this point, dotted line 104 represents a cross-section
line that crosses section B-C; when section B-D-E in FIG. 1 is
illustrated in another page, dotted line 104 becomes a line
connecting a section within two pages, namely a cross-page
line.

As is clear from FIG. 1, the overlap of train legs and
locomotive paths makes it difficult to identify the railway
timetable diagram. It should be noted that FIG. 1 is merely for
illustration and many details are omitted, such as train num-
ber, locomotive model, etc. In a real application a multiple of
pages can be included and an amount of details have to be
indicated, a railway timetable diagram will become more
confusing and indiscernible.

Multiple improved solutions have been proposed. For
example, different locomotive paths can be displayed in dif-
ferent colors, or all locomotive paths may be simultaneously
displayed in one page. However, these solutions have such a
defect that they cannot effectively increase the display effi-
ciency because only topological information of a railway
network is considered while dynamic scheduling of trains and
locomotives in the running period is ignored.

FIG. 2 is a schematic diagram showing a graph 200 of how
to partition multiple stations in a railway timetable diagram
into sections according to an aspect of the present invention.
Only stations 202-218 in the shadowed area in FIG. 2 are
taken as an example for illustrating how to partition a plurality
of stations into sections. For example, a ring route 202-218
involves three train numbers as illustrated in Table 1.

TABLE 1

Train Information

Number Train Number Station
1 D1 218-202-204
2 D2 204-206-208-210
3 D3 210-212-214-216-218

According to the prior art, stations are partitioned into
sections based typically on railway network information. For
example, in the case that each section comprises 3-6 stations,
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3 sections are obtained by using stations 202, 206, and 212 as
partitioning points based on the railway network, which are

Section 1: [202, 204, 206];

Section 2: [206, 208, 210]; and

Section 3: [210, 212, 214, 216, 218, 202].

However, using stations 202, 206, and 212 as partition
points results in that stations involved in each of the three train
numbers in Table 1 are distributed in 2 sections. When dis-
playing a railway timetable diagram based on such partition,
suppose traction locomotives of each ftrain remain
unchanged, and then data related to each train number needs
to be displayed in multiple sections. This results in an unnec-
essary cross-section display of train legs and locomotive
paths. Although not illustrated in FIG. 2, a cross-page display
can be further caused if more stations are involved.

According to one aspect of the present invention, partition
can be implemented based on dynamic settings of a path (e.g.,
including a train leg and a locomotive path), so as to reduce
the possibility of displaying the path in a section-cross and
page-cross manner as much as possible. For example, an
analysis can illustrate that the starting points and ending
points of the train numbers D1, D2, and D3 involve stations
218,204, and 210 respectively, which can be used as partition
points. Then, the following 3 sections are obtained from path-
based partition:

Section 1': [218, 202, 204];

Section 2': [204, 206, 208, 210]; and

Section 3': [210, 212, 214, 216, 218].

At this point, paths from D1 to D3 can be displayed in the
three sections 1' to 3', respectively, so as to alleviate or elimi-
nate the problem of cross-section display. FIG. 2 merely
illustrates a principle of obtaining sections from partition
according to one aspect of the present invention. Detailed
technical details will be described below.

FIG. 3 is a schematic diagram showing a flowchart 300 of
a method of reorganizing display of a railway timetable dia-
gram according to one aspect of the present invention.
According to one aspect of the present invention, there is
proposed a method of reorganizing display of a railway time-
table diagram to improve the display efficiency. The method
includes: generating a relational graph by using a plurality of
stations in the railway timetable diagram and correlations
between the plurality of stations; partitioning the relational
graph according to a partition rule; and displaying a reorga-
nized railway timetable diagram based on a result of the
partitioning; where the partition rule reduces lines crossing at
least one page and/or crossing at least one section in at least
one page in the reorganized railway timetable diagram, the
lines represent associations between respective stations along
a path in the reorganized railway timetable diagram.

In step S302, a relational graph is generated by using a
plurality of stations and correlations between the stations in a
railway timetable diagram. According to one aspect of the
present invention, to-be-displayed stations can be partitioned
to different pages and different sections in a page based on
dynamic scheduling of trains and locomotives, so as to reduce
cross-page and cross-section lines. In one aspect of the
present invention, a relational graph describing stations and
correlations between these stations can be extracted, and par-
tition can be implemented based on these stations’ correlation
strength.

In step S304, the relational graph is partitioned according
to a partition rule. The partition rule can be based on a mini-
mal cost to partition relational graph generated in step S302.
In a specific example of the railway timetable diagram, the
minimal cost means reducing lines crossing at least one page
and/or crossing at least one section in one page of the reor-
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ganized railway timetable diagram as much as possible, so as
to alleviate or eliminate the chaos of the overlapping display
of cross-page and/or cross-section lines in the prior art and
further improve the display efficiency.

When the railway timetable diagram include less stations,
aplurality of sections including corresponding stations can be
displayed in only one page, at which point no cross-page line
exists. Lines crossing at least one section in the page can be
reduced by applying the present invention. When the railway
timetable diagram involves a plurality of pages, not only lines
crossing at least one section in one page but also lines cross-
ing at least one page can be reduced by applying the present
invention.

In step S306, the reorganized railway timetable diagram is
displayed based on a result from partitioning. For example,
regarding the example illustrated in FIG. 2, after stations 218,
204, and 210 are determined to be used as partition points, the
reorganized railway timetable diagram can be displayed in
section 1', section 2', and section 3' based on the result of
partitioning, respectively.

According to one aspect of the present invention, generat-
ing a relational graph by using a plurality of stations in a
railway timetable diagram and correlations between the plu-
rality of stations comprises: forming sub-graphs based on
paths in the railway timetable diagram; and consolidating the
sub-graphs to form the relational graph.

It should be noted that since the railway timetable diagram
can involve dozens of paths (including train legs and locomo-
tive paths), respective sub-graphs have to be generated for
these paths. One sub-graph can include one or more paths. For
example, one sub-graph can include a sub-graph of relevant
paths of short-distance trains only; another sub-graph can
include a sub-graph of relevant paths of long-distance trains;
or a sub-graph can be generated based on other factors, for
example, whether a train is an express train or a slow train.

The present invention needs to obtain the representation of
all stations in the to-be-reorganized railway timetable dia-
gram and correlations between the all stations; the respective
sub-graphs generated previously need to be consolidated. To
“consolidate” means accumulating correlations between the
same stations to obtain an overall impact of each path on
correlations between stations. For example, regarding two
sub-graphs comprising the station A and the station B, if a
correlation between station A and station B equals to 8 in the
first sub-graph and 6 in the second sub-graph, then a correla-
tion between station A and station B in the consolidated
overall relational graph equals to 8+6=14.

According to one aspect of the present invention, the form-
ing sub-graphs based on paths in the railway timetable dia-
gram includes: constructing a first node and a second node in
the relational graph by using a first station and a second
station that follow in succession along a path; and using a
correlation between the first station and the second station as
a weight of an edge between the first node and the second
node.

It should be noted that in the present invention whether two
stations have a correlation or not depends on judgment as to
whether these two stations are two stations that follow in
succession along a train leg or a locomotive path. If aresult of
the judgment is “yes,” then these two stations have a correla-
tion (for example, represented by a positive integer); other-
wise, these two stations have no correlation (for example,
represented by “0”).

In the example illustrated in FIG. 1, a train leg 102 exists
between station A and station B. Then, a first node and a
second node are constructed to represent station A and station
B, respectively, in the relational graph; and a correlation
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between station A and station B is used as a weight of an edge
between the first node and the second node. In addition, based
on a train leg 106 between station B and station E in FIG. 1,
corresponding nodes and a corresponding edge can be con-
structed. Similarly, a sub-graph can be formed for a locomo-
tive path.

In one aspect of the present invention, further includes
determining a first station and a second station based on a
railway network related to paths. Since stations which a path
passes by depend on topological information of a railway
network itself, respective stations along the path need to be
determined the railway network information.

Regarding the example in FIG. 2, for example, train num-
ber D1 departs from station 218 to station 204, so stations
which train number D1 passes by during the whole journey
218-202-204 can be learned from the railway network infor-
mation. FIG. 2 omits other stations between stations repre-
sented by 202 to 208. For example, other stations can exist
between station 218 and station 202.

In one aspect of the present invention, the paths can be at
least one of a train leg and a locomotive path. It should be
noted that since one train can be hauled by one or more
locomotives, a train leg of the train and locomotive paths of
the one or more locomotives hauling the train have associa-
tions. In one aspect of the present invention, a train leg and a
locomotive path can be taken into overall account so as to
globally reduce relevant cross-page and cross-section lines of
these two kinds of paths. However, a train leg or a locomotive
path can be considered separately based on specific demands,
at which point relevant cross-page and cross-section lines of
a certain path can be reduced separately.

In one aspect of the present invention, further includes:
assigning a higher value to correlation between two succes-
sive stations along a train leg; and assigning a lower value to
correlation between two successive stations along a locomo-
tive path.

Since one train can be hauled by one or more locomotives,
a correlation between stations along a train leg is higher than
a correlation between stations along a locomotive path.
Hence, different correlation values can be used to represent
correlation strengths between two successive stations along a
train leg and along a locomotive path. For example, a corre-
lation between two stations A and B along train leg 102
illustrated in FIG. 1 can be set to 3, where a correlation
between two stations B and C along locomotive path 104 can
besetto 1. Based on a specific aspect of the present invention,
a correlation ratio of a train leg to a locomotive path may be
set to 3:1 or other value like 4:1.

In one aspect of the present invention, the partitioning the
relational graph according to a partition rule includes: parti-
tioning the relational graph into at least one block, and parti-
tioning at least one block into at least one group. Now refer-
ring to FIGS. 4A and 4B, detailed description is presented
below.

FIG. 4A is a schematic diagram showing a relational graph
400A generated according to one aspect of the present inven-
tion; FIG. 4B shows a relational graph 400B partitioned
according to one aspect of the present invention. In one aspect
of'the present invention, a relational graph can be partitioned
by a dotted line in FIG. 4B, at which point the partition cost is
minimal.

FIGS. 4A and 4B illustrate a relational graph including
only 8 stations, where in actual application scenarios dozens
of stations can be involved. In addition, when there is a
sub-graph formed on the basis of more paths, weights of
respective edges of the consolidated relational graph will
become greater. Since each of FIGS. 4A and 4B includes only
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8 stations, a railway timetable diagram related to these sta-
tions can be displayed in one page. The partition in FIG. 4B
refers to section partition, and stations on both sides of the
dotted line can be displayed in two sections, respectively. In
case of more stations, the relational graph can be partitioned
into at least one block (where a block corresponds to a page in
a reorganized relational graph), and subsequently at least one
block is further partitioned into at least one group (where a
group corresponds to a section in a reorganized relational
graph).

Detailed description is presented now on how to partition a
relational graph into at least one block. Regarding the rela-
tional graph as illustrated in FIG. 4A, since this figure con-
tains 8 nodes, relational graph 400A can be represented by an
8x8 matrix A. In the matrix A, each element A(i,j) represents
a weight of an edge between a station i and a station j. For the
stations i and j that have no connection relationship, a value of
the element A(i,j) is equal to “0.”” Since graph 400A is an
undirected diagram, matrix A is a symmetrical matrix and a
value of each element at the diagonal is equal to “0” (i.e., there
is no edge between the station i and itself). At this point,
matrix A is as below:

0 101421 7 0 0 0
100 81600 00
48 0 9 01700
2016 9 0 10 6 0 6
A=17 0 0100 0 6 0
00176 0 0 127
00 00 61206
0006 0 7 60

The Spectral Graph Theory is applied to matrix A so as to
partition the graph at the minimal cost. Specifically, a diago-
nal matrix D is constructed as below:

ao,0

arz

where for O=i<7, ai,i:Zj:07ai J
Next, eigen-decomposition of a matrix L=D-A (or I=-D~'"2
AD™'"?) is implemented. After all eigenvalues in the eigens-
pace of L are sorted in an ascending order, a corresponding
eigenvector v, is selected from the second eigenvalue. A value
symbol of each element in v, represents a block where a
station is located. That is, in v,, element values greater than or
equal to 0 are partitioned into one block, and element values
less than 0 are partitioned into another block. A station can be
partitioned into two portions via one eigenvector. Subse-
quently, the resulting two blocks can be further partitioned
using an eigenvector corresponding to the other eigenvalue,
s0 as to ensure that the cost for each partition is minimal.
Termination conditions of partition include: 1) the cost for
partition; 2) the number of stations included in a block (or the
number of desired blocks). According to concrete demands,
the number of stations included in a block can be set as a

10

15

20

25

30

35

40

45

50

55

60

65

10

parameter, and the cost for partition is determined by an
eigenvalue. If a currently selected eigenvlaue is much greater
than the previous eigenvalue, it indicates that the cost for
partition will increase. At this point, if a result of the current
partition is close to the termination conditions, the partition
can be terminated.

The theory of further partitioning at least one block into at
least one group is the same as partitioning a relational graph
into a block. The difference is that during grouping, an input-
ted matrix A' is a matrix that includes stations in the block
resulted from the partition and weights of edges between the
stations. Based on the foregoing description, those skilled in
the art can further partition a block into at least one group.

In one aspect of the present invention, further includes:
sorting groups in at least one block. The sorting serves a
purpose of determining in which order the plurality of sec-
tions are displayed in one page.

The procedure of sorting the groups in the at least one block
can be an exhaustive procedure. Suppose the number of
groups in one block is no more than 8, the maximum permu-
tations and combinations do not exceed 8 ! (40320, the pos-
sibility of these combinations can be reduced to several hun-
dred based on the principle of arranging adjacent blocks as far
as possible and separating nonadjacent blocks). Then, statis-
tics is made to the number of cross-page and cross-section
lines caused by each sorting solution, and then a solution
producing the minimal number is selected.

In one aspect of the present invention, displaying the reor-
ganized railway timetable diagram based on a result of the
partitioning includes: displaying, in at least one page, at least
one section corresponding to at least one group in at least one
block, according to a result of the sorting; and displaying, in
atleast one section, stations corresponding to nodes in at least
one group.

Through the partition procedure described above, the rela-
tional graph is partitioned into at least one block, at least one
block is partitioned into at least one group, and the sorting
order of groups in a specific block is obtained. Hence, when
displaying the reorganized railway timetable diagram, corre-
sponding stations are displayed in different pages and sec-
tions only according to block and group.

In one aspect of the present invention, the partition rule is
Spectral Graph Theory. As the principles on which the respec-
tive aspects of the present invention are outlined above,
details of Spectral Graph Theory are omitted here.

In one aspect of the present invention, the following data
structures are mainly involved:

1. train {train number, departure time, station of departure,
arrival time, terminal, train type, page to which the train
belongs, section to which the train belongs};

2. locomotive route {locomotive model, locomotive num-
ber, train hauled by the locomotive previously, train to be
hauled by the locomotive next}. A locomotive path can
include a multiple of locomotive routes.

3. page {page number};

4. section {section number, page to which the section
belongs, position where the section is sorted in the page};

5. railway network {station, interval}; where an interval is
a line between two adjacent stations and is represented as
(station, station).

The present invention can be implemented using the fore-
going data structure. For example, respective information
related to a train and a railway network can be read from a
to-be-reorganized railway timetable diagram and stored in
“train” and “railway network™ data structures, respectively.
Subsequently, a plurality of stations in a to-be-processed rail-
way timetable diagram and correlations between plurality of
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stations can be extracted from these data structures. For
example, by combining information on respective stations
and intervals in the “railway network™ data structure with
information on station of departure and terminal in the “train”
data structure, all stations which the train has passed by can be
obtained, and it can be considered that two successive stations
which the train has passed by have a correlation. Based on the
foregoing description, those skilled in the art can further
construct a “locomotive route” data structure. After extract-
ing a plurality of stations and correlations between the mul-
tiple of stations, those skilled in the art can construct the
matrix A based on the above-described manner.

In one aspect of the present invention, information related
to pages and sections can be further read from the to-be-
reorganized railway timetable diagram. Upon completion of
the reorganize operation, the reorganized railway timetable
diagram can be displayed based on the partitioned relational
graph. For example, suppose the relational graph is parti-
tioned into a plurality of blocks each including multiple
groups, then the blocks and the groups in the relational graph
can be mapped to the pages and the sections in the reorga-
nized railway timetable diagram based on the foregoing data
structure.

The foregoing data structures 1-5 are merely examples for
implementing the present invention, and those skilled in the
art can construct other data structures based on the descrip-
tion presented in the specification.

FIG. 5 is a schematic diagram showing a corresponding
relationship between a railway network and pages in a reor-
ganized railway timetable diagram according to one aspect of
the present invention. For purposes of clarity, not all stations
along the railway line; for example, stations can exist between
stations 228 to 226. Through the above-described steps of
partitioning, the relational graph is partitioned into a multiple
of blocks each including a plurality of groups, which blocks
respectively correspond to three areas illustrated in FIG. 5, an
area 510, an area 520, and an area 530.

Take only area 510 illustrated in a dotted-line block as an
example. Stations in area 510 can be illustrated in one page,
and stations 226, 224, 222, and 220 are used as partition
points. For example, stations between station 228 and station
226 can be displayed in one section. Similarly, stations in
blocks 520 and 530 can be displayed in a second page and a
third page, respectively.

FIG. 6 is a schematic diagram showing a display page 600
of a reorganized railway timetable diagram according to one
aspect of the present invention. As illustrated in FIG. 6, cross-
section lines are reduced greatly, thereby improving the dis-
play efficiency and in turn, decreasing the probability of
errors that are made when the dispatcher searches for cross-
section and cross-page train legs and locomotive paths.

FIG. 7 is a schematic diagram showing a block diagram
700 of an apparatus for reorganizing a railway timetable
diagram according to one aspect of the present invention. In
one aspect of the present invention, there is provided an
apparatus for reorganizing the display of a railway timetable
diagram so as to improve display efficiency. The apparatus
includes: a generating means 710 configured to generate a
relational graph by using a plurality of stations in the railway
timetable diagram and correlations between the plurality of
stations; a partitioning means 720 configured to partition the
relational graph according to a partition rule; and a displaying
means 730 configured to display a reorganized railway time-
table diagram based on a result of the partition; where parti-
tion rule reduces lines crossing at least one page and/or cross-
ing at least one section in at least one page in the reorganized
railway timetable diagram, the lines representing associa-
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tions between respective stations along a path in the reorga-
nized railway timetable diagram.

In one aspect of the present invention, generating means
710 includes: a forming means configured to form sub-graphs
based on paths in the railway timetable diagram; and consoli-
dating means configured to consolidate the sub-graphs to
form the relational graph.

In one aspect of the present invention, the forming means
includes: constructing means configured to construct a first
node and a second node in the relational graph by using a first
station and a second station that follow in succession along a
path; and weighting means configured to use a correlation
between the first station and the second station as a weight of
an edge between the first node and the second node.

In one aspect of the present invention, the constructing
means further includes: determining means configured to
determine the first station and the second station based on a
railway network involved by the paths.

In one aspect of the present invention, the path is at least
one of a train leg and a locomotive path.

In one aspect of the present invention, the generating
means further includes: assigning means configured to assign
a higher value to correlation between two successive stations
along a train leg and assign a lower value to correlation
between two successive stations along a locomotive path.

In one aspect of the present invention, the partitioning
means include: first partitioning means configured to parti-
tion the relational graph into at least one block; and second
partitioning means configured to further partition the at least
one block into at least one group.

In one aspect of the present invention, the partitioning
means further include: sorting means configured to sort
groups in at least one block.

Inoneaspect of the present invention, the displaying means
includes: first displaying means configured to display, in at
least one page, at least one section corresponding to at least
one group in at least one block, according to a result of the
sorting; and second displaying means configured to display,
in at least one section, stations corresponding to nodes in at
least one group.

In one aspect of the present invention, the partition rule is
Spectral Graph Theory.

FIG. 8 is a schematic diagram showing a computer system
800 which is applicable to implement the present invention.
As illustrated in FIG. 8, computer system 800 can include:
CPU (Central Process Unit) 801, RAM (Random Access
Memory) 802, ROM (Read Only Memory) 803, System Bus
804, Hard Drive Controller 805, Keyboard Controller 806,
Serial Interface Controller 807, Parallel Interface Controller
808, Display Controller 809, Hard Drive 810, Keyboard 811,
Serial Peripheral Equipment 812, Parallel Peripheral Equip-
ment 813, and Display 814. Among above devices, CPU 801,
RAM 802, ROM 803, Hard Drive Controller 805, Keyboard
Controller 806, Serial Interface Controller 807, Parallel Inter-
face Controller 808, and Display Controller 809 are coupled
to System Bus 804. Hard Drive 810 is coupled to Hard Drive
Controller 805. Keyboard 811 is coupled to Keyboard Con-
troller 806. Serial Peripheral Equipment 812 is coupled to
Serial Interface Controller 807. Parallel Peripheral Equip-
ment 813 is coupled to Parallel Interface Controller 808.
Display 814 is coupled to Display Controller 809. It should be
understood that the structure as illustrated in FIG. 8 is not
meant to limit the present invention. Some devices can be
added to or removed from computer system 800 based on
specific situations.

Many modifications and variations will be apparent to
those of ordinary skill in the art without departing from the
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scope of the described aspects of the present invention. The
terminology used was chosen to best explain the principles of
the present invention, the practical application or technical
improvement over technologies found in the marketplace, or
to enable others of ordinary skill in the art to understand the
present invention disclosed.

The invention claimed is:
1. A method of reorganizing display of a railway timetable
diagram, comprising:
generating, using a hardware processor device, a relational
graph by using a plurality of stations in the railway
timetable diagram and correlations between the plurality
of stations, a correlation between two stations existing
when the two stations follow in succession along a path,
the path comprising at least one of a train leg and a
locomotive path;
assigning a higher value to correlation between two suc-
cessive stations along a train leg; and assigning a lower
value to correlation between two successive stations
along a locomotive path; said generating comprising:
forming sub-graphs based on paths in the railway time-
table diagram; and consolidating the sub-graphs to form
the relational graph, wherein said consolidating com-
prises: accumulating correlations between the same sta-
tions to obtain an overall impact of each path on corre-
lations between stations;
partitioning, using the hardware processor device, the rela-
tional graph according to a partition rule, wherein the
partition rule reduces lines crossing in at least one page
and/or section in at least one page in a reorganized
railway timetable diagram, wherein the lines represent-
ing an association between respective stations along a
path in the reorganized railway timetable diagram; and

displaying on an associated display device in communica-
tion with said hardware processor the reorganized rail-
way timetable diagram based on a result of the partition-
ing.

2. The method according to claim 1, wherein forming the
sub-graphs based on paths in the railway timetable diagram
further comprising:

constructing a first node and a second node in the relational

graph by using a first station and a second station that are
in succession along the path; and

using a correlation between the first station and the second

station as a weight of an edge between the first node and
the second node.

3. The method according to claim 2, further comprising:
determining the first station and the second station based on a
railway network involved by the paths.

4. The method according to claim 1, wherein the partition-
ing the relational graph according to a partition rule further
comprising:

partitioning the relational graph into at least one block, and

further partitioning at least one block into at least one
group.

5. The method according to claim 4, further comprising:
sorting groups to contain at least one block.

6. The method according to claim 5, wherein displaying a
reorganized railway timetable diagram based on a result of
partitioning further comprising:

displaying as a result of the sorting, in at least one page, at

least one section corresponding to at least one group in at
least one block; and

displaying, in at least one section, stations corresponding

to nodes in at least one group.
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7. The method according to claim 1, wherein the partition
rule is a Spectral Graph Theory.

8. An apparatus for reorganizing display of a railway time-
table diagram, the apparatus comprising:

a memory storage device;

a hardware processor operatively connected to said

memory device and configured to:

generate a relational graph by using a plurality of stations

in the railway timetable diagram and correlations
between the plurality of stations, a correlation between
two stations existing when the two stations follow in
succession along a path, the path comprising at least one
of a train leg and a locomotive path; wherein to generate
a relational graph, said hardware processor is further
configured to:

assign a higher value to correlation between two successive

stations along a train leg; and assigning a lower value to
correlation between two successive stations along a
locomotive path;

form sub-graphs based on paths in the railway timetable

diagram; and consolidate the sub-graphs to form the
relational graph, wherein said consolidating comprises:
accumulating correlations between the same stations to
obtain an overall impact of each path on correlations
between stations;

partition the relational graph according to a partition rule,

wherein the partition rule reduces lines crossing at least
one page and/or crossing at least one section in at least
one page in a reorganized railway timetable diagram,
wherein the lines represent associations between respec-
tive stations along a path in the reorganized railway
timetable diagram; and

display on an associated display device a reorganized rail-

way timetable diagram based on a result of the partition-
ing.

9. The apparatus according to claim 8, wherein to form
sub-graphs, said hardware processor is further configured to:

construct a first node and a second node in the relational

graph by using a first station and a second station that
follow in succession along the path; and

use a correlation between the first station and the second

station as a weight of an edge between the first node and
the second node.

10. The apparatus according to claim 9, wherein to con-
struct the first and second node, said hardware processor is
further configured to:

determine the first station and the second station based on

a railway network involved by the paths.

11. The apparatus according to claim 8, wherein to parti-
tion, said hardware processor is further configured to: parti-
tion the relational graph into at least one block; and further
partition at least one block into at least one group.

12. The apparatus according to claim 11, wherein to parti-
tion, said hardware processor is further configured to: sort
groups into at least one block.

13. The apparatus according to claim 12, wherein

to display, said hardware processor is further configured to:

display, in at least one page, at least one section corre-
sponding to at least one group in at least one block,
according to a result of the sorting; and

display, in at least one section, stations corresponding to
nodes in at least one group.

14. The apparatus according to claim 8, wherein the parti-
tion rule is a Spectral Graph Theory.
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